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Abstract

The ability of vesicle-coated silica to aid the extraction of organic compounds from water prior to liquid chromatographic analysis is present
for the first time. The method is based on the formation of silica supported cationic multi-lamellar vesicles of gemini surfactants inherent
ensuring the presence of hydrophilic and hydrophobic sites for the partitioning of analytes bearing different properties. Method developmen
illustrated by studying the adsolubilization of UV absorbing chemicals from swimming pool water. Due to the requirement for external enerc
input (intense shearing) a method based on solid-phase dispersion (SPD) was applied producing better results than off-line solid-phase extra
(SPE). Meticulous investigation of the experimental parameters was conducted in order to elucidate the mechanisms behind the proposed extre
pattern. Analyte recoveries were quantitative under the optimum experimental conditions offering recoveries higher than 96% with RSD valt
below 5%.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction is required to allow surfactants to assemble on a given surface
but the type of aggregate formed is still subject to controversy
Over the past decade, surfactant-based analytical chemistfg].
has rapidly evolved to become one of the most challenging Compared to other micellar media adsolubilization offers
parts of contemporary analytical science. A relatively newseveral analytical advantages. In the first place, they provide
concept in the analytical applications of organized surfactantmore hydrophobic environments than conventional micellar
assemblies is their property to organize on various surfaces imedia approximating the properties of 1-octanol or ethyl acetate
a two-dimensional orientation thus giving rise to what is called3]. At the same time, the co-adsorption of weak acids or bases,
ad- or hemi-solubilizatioril]. This phenomenon refers to the is two to three times larger than the corresponding micellar sol-
micellar aggregation of ionic surfactant monomers on opposiubilization constants which enables the efficient partitioning of
tively charged surfaces, mostly of metal oxides such as aluminaharged specidd]. Furthermore, the overall process is not only
silica, titanium dioxide and ferric oxyhydroxides providing determined by surfactant/surfactant interactions under the solu-
solubilization sites for the partitioning of organic substancestion conditions but also from surfactant/mineral interactions,
The phenomenon is controlled by the hydrophobicity of thewhich defines the aggregate structure on the solid surface. Thus,
adsolubilizates as well as the microenvironment of the surfacdepending on the concentration either ad- or hemi-micelles
tant adsorbed layers and is described by a four region adsorpti@man be formed providing different solvation properties for
process (when presented in a double logarithmic scale) whicharious organic solutes with different polaritifg. All these
defines the type and shape of aggregates on the surface. Itagdvocate to the achievement of high preconcentration factors,
therefore conceivable that the surpass of a critical concentratiocompeting solid-phase extraction (SPE) for the concentration of
various analytes at the ultra low levels. The limitations of these
methods lie in the dissociation of surfactants from admicelles
"+ Corresponding author. Tel.: +30 26510 98400; fax: +30 26510 4431,  that reduces the sample loading capacity and the low tolerance
E-mail address: dgiokas@cc.uoi.gr (D.L. Giokas). for inorganic electrolytes due to competition with the surfactant
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for the adsorptive sites of the alumina surface which limitslog Koy =3.52), Eusolex 6300 (3-(4-methylbenzyldene)-
their application to samples with low salt content (<0.2 M) camphor, lodow=5.47) and Eusolex 2292 (octyl methoxy
[6,7]. cinnnamate, lo&o,y=5.80) were purchased from Merck
On the other hand, although a wealth of studies are availabl@armstadt, Germany). Stock standard solutions of 100 mg/L
on the adsorption of cationic surfactants on various surfaces, nwere prepared weekly in methanol (or water for E232) and
previous study describing such a system for analytical purposegtored in dark at 4C. Working solutions were prepared daily
has been presented. Moreover, all analytical methods publishéd doubly distilled water upon appropriate dilution. Working
hitherto are focused on the formation of micelle-like structuressolutions of 60« 10 3M of 4-(2-hydroxyethyl)piperazine-
neglecting the potential of vesicles to adsorb on mineral oxidesl-ethanesulfonic acid (HEPES) buffer (pH 8.2) (Fluka) were
Thus, theimmobilization of ionic surfactant vesicular aggregateprepared in doubly distilled water. Acetonitrile, methanol and
on mineral surfaces is an unexplored field of research. Howevewater (HPLC-grade) were obtained by Labscan. Finely ground
unlike micellar clusters where a critical concentration gradienemorphous microcrystalline silica dioxide was supplied by
should be reached, vesicles inherently ensure the partitioninigma. The physical properties of this mineral oxide were as
of polar and apolar analytes due to their structure, consistinpllows: particle size distribution 0.5-30m with approxi-
of one or more bilayers arranged in a hollow, closed geomemately 80% between 1 andu®n; mean 2.;um; surface area
try, which incorporates both hydrophilic and hydrophobic core220 nf/g; density 0.144 g/cfh Sodium dodecyl sulfate (SDS
[7,8]. Nevertheless, a central point in the analytical application(Sigma), Triton X-114 (Aldrich) and cetyltrimethylammonium
of vesicles has been their preparation since many surfactantsomide (CTAB, Fluka) were used without further purification.
with vesicle-forming properties are limited and commercially NaNO; (Fluka), KCI (Mallinckrodt), NaBr (Fluka) and NacCl
not available. Moreover, the preparation of vesicles by mix{Merck) were used as purchased.
tures of anionic—cationic surfactants (catanionic vesicles) or the
use of cosurfactants to aid the process are usually cumbersome. Instrumentation
and require strict adherence to the experimental procedure since
minor deviations can cause dramatically different morphologi- The analytes were separated by using a chromatographic sys-
cally structure$9,10]. More serious still, all methods involving tem comprised of a Shimadzu on-line degassing system DGU-
the use of vesicles published so far deal with their application il4A coupled to a FCV-10AL controller unit and a LC-10AD
liquid-liquid extraction procedures and the only known applica-high-pressure solvent delivery pump, with aiddsample loop
tions of supported vesicles is their utilization as stationary phasijector. Analytes identification and quantitation was performed
modifiers in liquid chromatography and capillary electrophore-with a SPD-M6A UV/diode-array detector working under the
ses[11,12] Class M10A Software (Version 1.20). The column material
Symmetric salts of quaternary ammonium surfactantavas an APEX @g (Jones Chromatography, UK), with parti-
are the most common double-chained ampliphiles of whicltle size of um (25cmx 4.6 mm 1.D.). Isocratic elution was
didodecyldimethylammonium bromide (DDAB) is perhaps theused for the elution of the UV absorbing from the column with
most frequently investigated. Motivated by the fact that DDAB,a mobile phase composed of acetonitrile/water (80%/20%, v/v).
spontaneously gives birth to vesicular structures in aquati€olumntemperature was set at'¥and the data collection was
solutions[13], we investigated the ability of cationic vesicles performed by obtaining one spectrum per second. The peaks rep-
to adsolubilize on the negatively charged silica surface andesentingthe targetspecieswere recognized both by the retention
interact with organic species in solution. Personal care productime and their spectrum pattern. Turbidity measurements were
residues (commonly deployed in sunscreen formulationsperformed at 300 nm with a Jenway 6402 UV-vis spectropho-
were extracted from swimming pool water under the optimumtometer.
experimental conditions. The obtained extracts were analyzed A thermostated bath maintained at the desired temperatures
by high performance liquid chromatography and UV detectionwas used for the temperature experiments. The pH of the solu-
revealing that the proposed methodology offers high recoverieitons was measured using a Radiometer Copenhagen digital
and preconcentration factors. To our knowledge, this study ipH-meter type PHM83 with 0.01 pH resolution over the pH
the first reporting on the analytical utility of supported vesicularrange of 2—10.
aggregates as a new alternative for the concentration of organic

amphiphiles from aqueous matrices. 2.3. Advesicle-solid-phase dispersion (ASPD)

2. Experimental In 250 mL of Hepes buffered (pH 8.Z;> 10 mM) aquatic
solution (20°C) containing the analytes in 0.2M NaBr,

2.1. Reagents and materials appropriate volume of DDAB solution was added to yield a

final concentration of % 10~*M. The mixture was sheared
All reagents used were of analytical reagent-grade. DDABby vortexing for 2min to aid the formation of vesicles and
was obtained from Aldrich. Working solutions 0f510-2 M 50mg of dry silica were added. The vials were stirred for
were prepared weekly in doubly distilled water. Eusolex10min (or twice vortexed for 5min) to uniformly disperse
232 (2-phenylbenzimidazol-5-sulfonic acid sodium salt,the silica and enable the adhesion of the vesicles carrying the
logKow=0.16), Bz-3 (2-hydroxy-4-methoxybenzophenone,analytes on the negatively charged surface. The mixture was



N.A. Parisis et al. / J. Chromatogr. A 1097 (2005) 17-24 19

Addition of silica
and mixing

Sample @

Addition of DDAB .

Shearing
Multi lamellar vesicle

solvent

petinn

.

elution

Silica

Fig. 1. Schematic representation of the ASPD extraction procedure.

then filtered to collect the sorbent. The elution step was carried.l. Adsorption of vesicles on silica surface
out with 0.5mL of methanol. The final extract was directly

injected into the liquid chromatograph through ap20loop. The adsorption of DDAB vesicles in aquatic solutions was
A schematic representation of the procedure is depicted ifollowed by turbidity measurements at 300 nm. The experimen-
Fig. 1 tal isotherm offig. 2 belongs to the H type with a maximum
which indicates the high affinity of the adsorbate for the surface
2.4. Advesicle-solid-phase extraction (ASPE) probably due to the formation of ion pairs between the deproto-

nated silanol and the quaternary ammonium polar heads of the
Solid-phase extraction experiments were conducted withbilayer (proton/tetraalkylammonium exchangfeg]. According
50 mg of silica embedded into a 3mL cartridge (J.T. Bakerto this isotherm DDAB vesicles are completely adsorbed at low
USA). The silica was conditioned with doubly distilled water concentrations while for higher concentrations vesicle/vesicle
and a few milliliter of buffer solution to activate the silica surface. interactions act as scavengers of vesicle excess at the silica sur-
Then, 50 mL of aguatic solution was percolated under vacuum dace reducing the adsorbed amount of DDEB5]. The plot
a flow rate of 10 mL min?. Elution of the analytes was carried of Fig. 2 shows that the maximum amount of DDAB vesicles

out with 500u.L of methanol. adsorbed was & 10-4 M/mg silica (or 4.62 mg DDAB/mg sil-
ica) which is significantly higher than those reported for single
3. Results and discussion and double chain cationic surfactants on various silica sorbents

as well as on anionic admicelles formation on alumina from sin-
The actual form of any surfactant aggregate depends on thgle or double chain anionic surfactafis6,17-19] This behav-
molecular constitution of the amphiphile. DDAB is roughly a ior is attributed to three reasons; the high affinity of the vesicular
cylinder-shape molecule favouring the formation of bilayersaggregates for the silica surface, the properties of the selected
in water[14]. Depending on the experimental conditions, like sorbent and to the fact that vesicles adhere onto the surface
surfactant concentration, temperature and the presence of elantact without disrupting their structuf@0]. According to the
trolytes various structures can be formulated; for the purposdatter, the adsorbed vesicles should create a three-dimensional
of this study only the dilute region (up to 2.5% ox5L.0~2 M) layer in the solid-liquid interface which significantly enhances
will be considered. contact with the components of the bulk solvent as opposed to
Preliminary experiments with off-line SPE showed thatthe two-dimensional network observed in admicelles formation
analyte recoveries were rather mediocre. Literature referende0,21]
to this problem revealed that vesicle adhesion onto oppositively
charged surfaces requires strong stimulus a case which is not
satisfied with SPH15,16] Thus, an alternate procedure was
pursed. Solid-phase dispersion (SPD) was an intriguing altefFable 1
native since it necessitates mixing of the sample with a propeﬁ;tudied parameters and selected values for the proposed method

solid matrix in order to enable the isolation of the analytes.parameter Range tested Selected value
Although SPD_ is not_u_n_usually applleo_l to water samples, oA ™ 521057x1023 72 10°
offers the required flexibility and was decided for the subsequenag, vy 0.05-2.0 0.2
work. pH 2-10 8.0-8.5
In order to obtain the optimum working conditions various Hepes buffer (mM) 5-40 10
parameters were assessed for their effect on the analytical perfdteakthrough Volume (mL) 100-1000 =400
mance based on a univariate experimental procedure. The over%li]zig?%;”z;%'”) 1:30 13
examined and selected parameters are presentiable 1for  gy,ion solvent (methanoly) 250-2000 >500

quick reference.
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Fig. 2. Experimental adsorption isotherm of DDAB onto silica in Hepes buffered aquatic solution. [Hepes]=10mM (pH 8.2), silica 50mg. Inset A:
[DDAB]=7 x 104 M; [NaBr]=0.05-2.0 M. Inset B: [NaBr] =0.1 M.

3.2. Effect of shearing on vesicle formation and salt addition this situation changed especially for the more
adsolubilization hydrophobic homologues. Thus, E6300 and E2292 were
detected after extraction with simple salt addition. This was
A central point in the application of vesicles is their prepara-attributed to the change in the solvation environment of non-
tion as in many cases input of external energy may be requiregolar analytes which become less water-soluble in the presence
[8]. DDAB is known to form vesicles upon simple dilution to of salts showing high affinity for the silica surface through
water[13,22] However, external stimulus may change the ratehydrophobic interactions. The higher percentage recoveries
and properties of the formulated vesicular assemblies thus inflwere lying around 20% for E6300 and 30% for E2292. This
ence the extraction performance. To investigate the influencagain, necessitated the examination of blank effects in order
of external energy input on vesicle formation, the vials wereto assess the influence of the studied parameters without
sheared (vortexed or steared) for 1-30 min. Once the solutiore-estimating salt effect.
have been sheared there was no variation in the extraction perfor- When DDAB was added to the solution the situation changed
mance over the entire time period examined. Since in almost atlramatically. Fig. 3 shows the adsolubilization of the tar-
circumstances it is necessary to apply some sort of shear to tlget species on DDAB-coated silica at pH 8.2. It is evident
system to homogenize it, the formation of vesicles is inherentlyhat DDAB significantly enhanced the extraction performance
ensured. To ensure equilibrium with regards to vesicle growtlespecially of the more hydrophilic analytes. Interestingly, the
and formation 2 min of shearing was decided. more hydrophobic the analytes are the more amount of DDAB
According to previous studies, to instigate vesicles adhesiois required to enhance their extraction. This is ascribed to
onto the silica surface the input of external stimulus is imperathe relatively limited capacity of vesicles, compared to pure
tive [15,16] To study the influence of stimulus on the extractionmicellar clusters, to encapsulate hydrophobic compléxgk
performance end-over-end mixing, vortexing, stirring and soni-
cation were examined. Sonication was inadequate possibly due
to incomplete dispersion of the silica particles with the bulk 100 7 —&-E232
aqueous solvent. End-over-end mixing produced satisfactory 90+ —A—BZ3
recoveries but caused intense foaming. Vortex mixing and stir- _ 8o+ :EZZZS
ring alleviated the problem of intense foaming and provided high < 70+
recoveries only within a few minutes of shearing which is fur- 60T
ther advantageous since it does not increase the time of analysis.g 07
To enable complete vesicle deposition, the mixtures were stirred ¢ 407

for 10 min. 0T
20T

101

Relative recovery (%)

3.3. Influence of DDAB concentration

0 T T T T T T 1
0 0.00005 0.0001 0.00025 0.00075  0.001 0.005 0.007

In the absence of DDAB the examined UV filters hardly DDAB concentration (mg 1)
adsorbed onto the silica surface. For all compounds percentaggsg. 3. Effect of DDAB concentration on the recovery of the analytes.
of adsorption lower than 2% were obtained. However, orHepes]=10mM (pH 8.2), [NaBr]=0.1M, silica 50 mg.
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due to their charged nature and strong packing of surfads worth mentioning that sunscreen agents behave like weak
tant molecules, resulting in highly density hydrocarbon coresacids thus in the alkaline media they are present as their ionized
which lessens solubilizatid9,23,24] Greater DDAB amounts forms. The increased extraction with increasing pH suggests that
gradually decreased the adsolubilization due to competition cdinalyte partitioning is not only governed by hydrophobic inter-
vesicles in solution that alters the structure of the adsorbedctions but also by interactions with the hydrophilic vesicular
bilayers and reduces the adsorbed amount, as previously disere or even with the charged surface of the vesicle aggregates.

cussed. An amount of ¥10~*M was finally decided to However, previous studies have shown that silica surface
compromise between hydrophilic-hydrophobic solubilizationcharge varies not only with pH, but also with surfactant adsorp-
sites. tion owing to the ionization of surface groupd5]. Hence,

the maintenance of the optimum pH value is essential to the
3.4. Influence of sorbent amount and treatment overall process. To control the pH of the solution the appli-

cation of a buffer medium was decided over pH adjustment.

Since the overall process is controlled by the adsolubiinorganic buffers were not examined at all, since their anionic
lization of DDAB vesicles on silica surface the efficacy of counterions can react with the cationic vesicles and alter the
the method would be directly related to the charge density obbserved behaviour. Although a variety of organic buffers with
the mineral oxide thus on the amount of silica. Although theeffective pH range in the desired values are commercially avail-
amount of sorbent is rarely a limitation in batch proceduresable, only Tris and Hepes have been investigated with regards
we decided to study the influence of silica amount since ndo their effect on vesicles adsorption. According to these stud-
previous study was available on this topic. Our data indicatées, Hepes causes a systematically larger surfactant adsorption
that an amount of 50-100 mg is the optimum especially forompared to Tris and for this reason it was selected for the sub-
the more hydrophobic analytes. For higher amounts a slighdequent workl5,16] Varying Hepes concentration in the range
reduction is observed (<5%) possibly due to single bilayernf 5-40 mM was not found to influence either sample pH or
deposition. analyte recoveries. Thus, a concentration of 10 mM was applied

Preparation of silica surface prior to advesicle depositiorthroughout.
was the next parameter examined for its effect of the analyt-
ical performance. Pre-treatment of silica with acid resulted ir3.6. Effect of inorganic electrolytes
higher turbidity of the bulk aqueous phase after each extrac-
tion in unbuffered solutions indicating the decrease in surfactant The addition of inorganic electrolytes, not only influences the
adsorption. This is rationalized by the fact that acid treatmenéxtraction efficiency by altering the solvation environment of the
reduces the charged surface sites thus providing fewer nucleatidarget analytes but also induces significant changes in vesicle
sites for surfactant adsorpti2b]. However, in our experiments, structure and growth and consequently on their adherence onto
acid treatment did not affect analyte extraction due to regulathe silica surfacg25] which is the main mechanism of analyte
tion of the solution pH and ionic strength. Nonetheless, pH wassolation from the bulk aqueous phase.
slightly reduced, which can be easily regulated by using a more Extraction performances in the presence of increasing

concentrated buffer as will be discussed further below. amounts of various inorganic electrolytes were investigated.
Fourinorganic salts, NaN§)NaBr, NaCl and KCl were selected
3.5. pH and buffer effects based on their counterions and co-ions since it is well recog-

nised that inorganic counter-ions affect the structure of vesi-
The charge of silica surface strongly depends on the pH ofles while co-ions influence their adsorption behav|@6r27]

the solution thus, the maintenance of the appropriate pH value Blank solutions (without DDAB) were also analysed to assess
essential to the overall process. Varying the solution pH from 2 tdhe net salt effect (direct adsorption on silica). Our data indi-
10 enabled us to identify some intriguing mechanisms involveatate that the net salt effect was decreasing according to the
in the proposed extraction pattern. Evidently, acidic pH valueorder NaNQ > KCI> NaCl > NaBr for E6300 and E2292 while
enabled the extraction of more hydrophobic analytes declinsmaller effects were attained for the other analytes (espe-
ing as analyte hydrophilicity increased. This is attributed to thecially at high salt content) which suggests that ionic strength
uncharged nature of silica at low pH which enhances hydrophdiad a more pronounced effect on hydrophobic rather than in
bicinteractions with the target species (especially in the presendg/drophilic species. For all salts investigated, analyte extraction
ofinorganic salts). As pH increased, extraction performance wawas amended with increasing salt content reaching a plateau
reduced starting to increase again at pH values above 7. Thad dropping again as concentration increaBis 8). This was
behaviour is consistent with the surface charge density of silicattributed to the increase of DDAB vesicles deposition on the
starting from—1 at pH 6 and increasing up te18 at pH of 8.2  solid sorbent. The results obtained with NaBr (inset graphs of
which promotes DDAB vesicles adsorptif2b]. According to  Fig. 2) reveal a two-fold increase in vesicles deposition (9.83 mg
our results, pH values above 8 should be maintained to ensuf2DAB/mg silica) a situation which amends the partition of the
maximum vesicles adhesion on the negatively charged silicanalytes without risking saturation of the solubilization sites.
Although higher pH values gave somehow better results theffor higher electrolyte concentrations hypertonic stress causes
were not applied due to the unavailability of appropriate buffervesicle breakdow{28] and consequently their release from the
media with effective pH range in such alkaline conditions. Itsilica surface reducing the extraction performance.



22 N.A. Farisis et al. / J. Chromatogr. A 1097 (2005) 17-24

—m—E232 Table 2
—A—BZ3 Extraction recovery (%} standard deviation of 50 nM of the target compounds
”O_. ::: Egzgg with solid-phase dispersion (SPD) and solid-phase extraction (SPE) under the
100-. & + —eN optimum experimental conditions
907 p \'\.\_ % recoveryt standard deviation
80
S SPD SPE
£ 60] E232 98.2+1.2 76.1+5.0
§ 50 Bz-3 97.4+1.6 65.2£5.8
% E E6300 98.8£2.0 64.9+5.9
o 407 E2292 99.6:2.1 67.2:6.3
= 304
s
&~ 204
10- maximum preconcentration 5Q@ of methanol were finally
0 selected.
T T T U T T T T T T )
00 0.1 02 03 04 05 06 07 08 09 1.0
NaBr (mole I-) 3.10. Advesicle solid-phase dispersion versus advesicle

Fig. 4. Effect of inorganic electrolyte (NaBr) on analytes recovery. solid-phase extraction

[DDAB]=7 x 104 M. [Hepes] = 10 mM (pH 8.2), silica 50 mg. o . . . .
The possibility of applying off-line solid-phase extraction

3.7. Effect of temperature was re-assessed under the optimum experimental conditions
established above. The results Tdble 2 show that off-line
The effect of temperature was also studied since it is know$0lid-phase extraction produced low recoveries while solid-
to affect the vesicle formation/breakdown interactions. Our dat®hase dispersion gave significantly better results. In the ASPD
indicate (not shown for brevity) that low temperatures aid themode the vesicles are allowed to equilibrate with silica surface
extraction of the target analytes which is in agreement with théhrough intense mixing thus ensure complete deposition. On
phase transition temperature of DDAB (about’€3 [29]. As  the contrary, during ASPE vesicle aggregates bearing the
temperature increases, turbidity gradually declines indicatind@rget species are only partially retained by the sorbent without
the acceleration of vesicles dissolution through a transition fronieaching equilibrium due to antagonism between vesicles. As
a lamellar phase to a lamellar dispersion and finally to vesicléhe procedure continues, clogging of the cartridge is observed,
breakdowr{13]. In concurrence with our previous observationsas a function of DDAB concentration, possibly due to saturation
on anionic vesiclef30], low temperatures (up to 2&) pose as  Of the silica reactive sites a situation which deteriorates the

no threat to the formation and stability of the vesicular aggreextraction performance and reduces the preconcentration
gates. factors.

3.8. Effect of single-chain surfactants 3.11. Breakthrough volume

Significant changes in the phase behaviour of DDAB-water The breakthrough volume of the ASPD procedure was
systems are brought about following the addition of single-chairgstimated by preconcentrating samples of increasing volumes
surfactants as a result of the electrostatic interactions withi§100—1000 mL) containing the same amount of analytes. Break-
and among the aggregatdss]. In our system, the addition of through was considered to occur when the amount eluted
single-chain surfactants did not affect the analytical performancgecreased about 5%. Measurement of the peak areas eluted from
for concentrations up to 0.2 mM but deteriorated the extractioithe sorbent revealed that sample volumes up to 400 mL could
of all analytes at concentrations above 0.25 mM primarily duebe used under the proposed experimental conditions. For higher
to vesicle breakdown and secondarily due to competition fosample volumes the extraction performance was irreproducible
silica adsorption sites. Since no improvement was attained, theossibly due to the uncertainty encountered during the handling
addition of a single-chain surfactant was not further consideredif large sample volumes.

3.9. Desoprtion solution 3.12. Sorbent regeneration

The ability of various solvents to disrupt advesicles and Because ofthe high capacity of advesicles to solubilize matrix
extract the analytes from the silica surface was investigateccomponents, the regeneration of the sorbent material necessi-
Methanol, acetonitrile, water, NaCl (0.1 M), HCI (0.2 M) and tates the complete removal of any adsorbed sample constituents
NaOH (0.2 M) were tested for that purpose. Water, sodium chloas well as the surfactant bilayer aggregates. To ensure complete
ride, hydrochloric acid and sodium hydroxide produced lowremoval of any adsorbed or adsolubilized compounds methanol
recoveries so they were not further considered. Organic solventgas re-applied and completely removed with water. The silica
like methanol and acetonitrile efficiently eluted the adsorbedurface was then conditioned with 0.005 M NaCl to restoré Na
analytes, owing to their ability to disrupt vesicles. To pursuecontent of the surface and washed with water to remove any
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Table 3

Analytical features of the method

Parameter E232 Bz-3 E6300 E2292

Preconcentration factor 500 500 500 500

Extraction-concentration factor ~ 0.97 0.98 1.01 1.03

LOD (pgL™1) 0.18 1.10 0.64 0.47

RSD (%),n=5 3.54 3.88 4.15 458

Calibration graphs SP=1.4x10° (£2.0x 10%) sb=—2.7x 10 sP=—_21x10 SP=_42x10°
+3.3x 107 (£3.3x 10°) x C  (+4.5x 10%)+1.2x 107 (£6.7x 10%) +3.1x 107 (£3.1x 10%) +2.0x 107

(#£1.2x1P)x C (+3.0x10°) x C (£1.4x1P)x C
Correlation coefficient) 0.9994 0.9993 0.9995 0.9997

2 Limit of detection defined as three times the signal to noise ratio.
b §=peak area (arbitrary unitsji=mg L.

excess ions. The regenerated dry sorbent worked for at least 0 Application to water samples
extractions without deterioration.

The application of the present method to the preconcentration
of the target analytes from 250 mL water sample for HPLC anal-
ysisis presented iRig. 5. Directinjection to the HPLC system of

Calibration curves were obtained by preconcentrating?Wimming pool water spiked with 10 nM of E232, Bz-3, E6300
250 mL of standard solutions under the defined experimentdnd E2292 produced no peaks in the chromatogfam §a)).
conditions. Linear relationships between the produced signal§ contrast, all compounds were apparently observed after 500-
and the concentrations were found for all compounds invesfold preconcentratiorig. (b)), which indicates the suitability
tigated. The parameters of the individual calibration curvef the method for determining these compounds at trace levels.
together with the calculated detection limits (three times the The detection of the target compounds in distilled water
signal to noise ratio) and the relative standard deviation for fivé€rved to calculate the recoveries over a concentration range
samples are gatheredTable 3 Our data suggest that 0.8 mg of from 10 to 100 r_1M._The data indicate recoveries in fche range
analytes are retained on each mg of silica modified with 10 m§ 96-103% which is close to those reported in previous stud-
of DDAB which is higher than those obtained with cationic /€S dealing with the determination of personal care products in
or anionic admicelles of either single or double chain surfacPathing water$31,32]
tants[3,6,17,18] Preconcentration factors of 500 were achieved
with extraction concentration factors close to unity, suggesting
quantitative recovery of the analytes..Hig_he.r preconcentrgtiog. Conclusions
factors and consequently lower detection limits can be achieved

by Qither e_vaporating the methanolic extract to lower volume or - ¢ analytical utility of vesicular aggregates supported on
by increasing sample volume up to 400 mL or even both. mineral oxides (advesicles) as sorbents for the extraction of
organic compounds from agueous matrices has been demon-

4. Analytical merits

strated. Based on the results obtained, the present approach
= provides a new insight into the analytical applications of
% ]: 001 AU organized surfactant assemblies by extending the scope and
g application of previous analytical procedures based on adsolu-
£ bilization. That is because this novel method alleviates the need
g‘ to manipulate inorganic salt concentration since the addition of
—_ salts enhances the extraction performance and ensures method
reproducibility. Moreover, there is no need to pre-treat the
2 4 6 8 10 12 14 16 sorbent (silica oxide) since vesicle deposition is a rapid process
@ Time / min accomplished by simple mixing of the sorbent with the vesicular
— solution.
@ 1 IOAOIAU Considering the rich structural variety of vesicles and the
g \ 4 availability of mineral surfaces (also including zeolites), one can
g M M “ visualize the vastness of alternative options that can be deployed
2 e by designing specifically oriented analytical methods towards
D R S R S M A P the conveyance from selective to non-selective extractions of

(b) Time / min organic molecules or vice versa. The on-line set-up coupling of
Fig. 5. Chromatograms of Swimming pool water to which 10 nM of sunscreenadvesmle_based solid-phase extraction to liquid chromatogra-

agents were added: (a) without preconcentration; (b) with advescile solid-phaddy iS prqbab_ly the most challgngi_ng Step forward and further
dispersion. Chromatographic conditions as mentioned in the text. research is oriented towards this direction.
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